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Publication Title: 

METHOD AND APPARATUS FOR DRY ETCHING AND SEMICONDUCTOR 
DEVICE 



Abstract: 

PURPOSE:To stabilize the form of a deep groove and its processing by 
performing dry etching, increasing the density of ion current with the processing 
time of a substance to be processed with a processing gas. 

CONSTITUTION:A wafer 6 is put on a sample table in vacuum processing 
chamber 1, and is processed by etching with gas plasma. Namely, etching for a 
trench construction of an Si wafer is performed with an Si02 mask so as to form 
a trench construction having a width of O.Smum. First of all, microwave power is 
made to be 500W so that the density of ion current may be about 8mA/cm<2>. 
Next the power control of a microwave generator is performed by a computer as 
the aspect ratio of an etching pattern becomes large. When etching is performed 
making the initial value of the microwave power 500W, the microwave power 
rises with time. When the etching is continued by making the microwave power 
3,000W, the aspect ratio advances up to 60, and the ion current density becomes 
30mA/cm<2>. 
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1 

A/cm^ }&^6 3 OmA/cm^ S^iiJDTS H^-fX-/^ 
/ctf ^-ei©inJ$ii:^H^'1'X-/^>i/g@o 

mm. 

'^n\zmWiiytc^9mm^9m't^Y'7'ix,y=^y^m 

\z¥(^'Dxm^mm^(DnKf-^mM^^^^h^^^t 
•r-5K^'i'xy^>^/i^®. 

^^xmm^9mm^x.v^y^^^ H^-rxu/^>^ 




»iB¥8-l 7 7 96 
ift(cJ:t>T>^^Xv*5g^$ii:, iai2:/^X^*Tg9IB 

vmiiTstf^ ^±^\ytz^^>t:m9mm\zx^t^ c t 
\z^'Dxmmiiimmm^j^y'^>ifr^ i^^^j^y^y 

mm\Z^-:> T tftffi^ :t>\ZJ:^^:^ 

mm^om^ymf)^ i s mA/ 

o^^mmz^^x^'yx^^^^^'^s m^^'yX'^^ 
Ai**r^ ji t ic.j:oTtaiBs«i]ii»&x^y ^>ir-r^ K 

^iiJn^ii:^ F^-rx*:/^>i5/;&&o 

/1»7— ^8 0 0Wd>e»3 0 0 0W*7?JillP$-&^»H^-f 
x>;/^>^;&^o 

1 6] %^VmWf^\Z^>1z< a:t> 1 ffl(Di!ia:«f 
X^^A-r^^a^Wb, WtBffiS;yx^*^^^JC^ 

^®s^rttc^abfc«2i3iti^ffl3g-r^ H^-rx^;/^ 

X^;/^>iJ/^fr:£^^WM»-r^ili: 

t-r^ H ^-r x-y ^>ygeo 

7] R^JBl 6tc:*3V^T. l«rtEl:^X»^^>«f 

Xy^>^*f|::£^^K««-rSH^<Xy 

8] 7{c;feViT> m^i^TM.^^^ 

^i^o x^:t>mmmm^mm'^^^ h x5^^>>/« 
s. 

^fc86ooiif^i^>&MiBK^5aiiSrt{zg»Af ^^asw 
b, t^m:»:^mgi6^mmmi^^^m^n^mmi^m^mz 



—680— 



(3) 

3 

^-YX!y^>^ISB. 
[S^312 4] ^*:^5, 7. 19, 2 0^rc\t2l\Z 

x^y5^>ir^fi^^^i^^$fi»-r^c: t<&4*at-r^ 

^^r^^ft^^^m<Di^m(Dts:y\zfi^'Dxmm-i^>\z 

[»*^2 8] :>^<thim<Dmm:^7.^m^^. mi 

^m2(Dnmmz^^x-(:^>^MmLmm^mmm\z 40 
xMr^z.t\z^r^xmum,9mm^:x^y^>if^^Y 

^i\i\z»^ xmum 1 <Dnm^(D;^v-^w!t^'^^ ZL 
^^'r^Kfc-^^m<D^EE<D^mz^'Dxmmm 1 
^±r^^(t:-^^^(D»m(Di&y\z^-Dxmmm 1 cos 



»BB¥8- 1 7 7 9 6 

4 

mamz 1] a«:s2 5«c^viT. ffiriB:/^xv«ti(z> 

[a*5i3 2] a*Ji3 1 \z^\^^x. m^WLimmti^^ 
^±'i'^K^^^^<o^m<omt\zi^^x^m9mi57. 

«k S ^ >«tS«K^ <t tfMIBfliS:^? X <3!) :3t; XSES'fo b 

[«««3 5] mist^2H\z^^^x. mm^^yx^^iD 

^H^>fx-/5^>>/*& 

[a*^3 6] a*3a2 8tc:feiiT. ^mwL9mmi)^^ 

^«a>y^7-:fe<ktX8aEi!i31:^Xco;tfXjgS'bb<«m 
^^mm\zm:.^'^^ H^-f x^>^>^;^^. 
[a*3^3 7] 2. 13. 14, 15, 2 8. 

2 9, 3 0. 3 5*>hri3 6lC:fe(.iT. miOK^&tO 

Ay— ^5 0 owA^6 3 0 0 ow^-ropfl-rn>bf3-- 

[»*«3 8] ^;^<i:^>iacD«i3g:^?^x^ffiV^ SS^ 
«ttc<fct>T:/5Xv$5g^$iir. Wffiy^XvtfiTtSE 

{cJ;oT«iE4m3l4^3SrX«;/^>y'r^ F^-f Xy5^> 

^y:>&ffijc:fe(.iT. MESia3g«j<ox-/^>^$n^»» 

:fe a MEffiS;^X :fe ci: t/ME J!i31 :^x 75^ ^ ISE 
Xv4'T^^$n-5^fttfeT:fci:tXS5E^:t>:^?^«ffl3l 

ife A«-r ^ z.h\z^r>x^\:^ ^ A»s 

l9E««ia*©SMJ^ttfcft#U;feViC:i:S»ai: 

•r^K^^x-/^>^5^;^j£o 
[a*J©3 9) a*:®3 8{C:fe^.^T, gtE+ftife^tO^ 

fflfE'f;t>«CckS^:t>«»S&ft^M«'r'5 H^-f X5/ 

[»«JB4 0] ^>^<t^>ia<o«i31^x^fflVi, SI 

(Z)iS^S[lCcfc-DT:^^Xv<£^^$it, ^ET'^Xv^' 

2 cDi««««c J:oT-f :t->^lnjaibt9E«J!i31%tc 
Ajt-r-s ^: <hJcj:oTMrE«j2i3aife$x-/^>^'r^ h 

^<Xry^>>/:S^JC:feV^T. iaE««l31<feCOX5/^> 

^$n-5ai>Jc:fett«fflrE«i3®:^fx^J:r;S9Effl3i:^/x 
Tji^ettfET'^X'^+T^^^n^+ttS^iJcfctfttfE^ 

>;e>^««i3i«iic Ait-r-s c ^ tea: o i; ^ 



-681- 



5 

i^:&feJc:i5ViT, ^JE3mTorre;±. X-/^>y^lJEA 

iz^'oxm^ikmmm^x.y^y^'r^ h^'<xu/^> 

^:Smz:i^\,^Xs ^ffiO. 5mTorr«±3inTorrfilT, 
' Jlii^±T^'5ilt^#achT^H'^-fX>;/^>^:^^. 

\z^^xtfimi^mmm^:iiy^>^'r^ Y'y^x.y^y 

^^SrS«c:feViT> *!rlB-1':r>CF>¥i^31»x:?^;i/^*n 0 
OeVJ&lT> f)^^^U^'t>\z^^^^ymMmmfi^^ 

m\z^^x':/^x^^%±^'^. mm-^^x-^^xtam 
mmfJxii>i^±mvrz^:t>^Vi9SMmz?^'r^ z, t 
\zj:^xmmi^mmm^:^y^>^'r^ H'^-rx-/5^> 
^*ffi(c:feViT, iai5SiaM«iic^tt§Kx-;^>i/er 

j^^»iR«7?, Siria^:t>CD^J^31»x:^;;P^:0t5 0 OeV 
cm' &s±X$>^Ctt:WWi^^^}^y^j:^y^>if:^ 

im:»m4 5] M^mm^p^\z{>y3i< t^mo^mm:^ 

i&^m^M^mmm^\zmxr^^m^^h. mmM^ 
mm^\^ \zmm^^ ^mx # ^ ma ^^r^mmm^m 
mm^\z^mhrcmmm^^mmr^ y^y-ix.y^y^ 

Cb«*3S4 6] Bf*JS4 5tr:feViT. P^^X-^^^^ST 

6 1 OmsC!)i|i(Dyi;i/XT*'5H^^Xy^>^i^®« 
[b»*314 7] ^I>;S:< t'bl«a)«ia:tfX*flH.i> SSI 



(4) «@|^8- 1 7 796 

^m2(oi^mmz^-ox-('t>^mm\^mwLVi9!iMmz 
xmr^ ztxz^-D xmmwL9m^^:i^y ^^y^t^v 
y^:cy^>^:^m\zi^^^x. mmmi<DMmmvvv 

h-r^ H^^x^y^>^:^Se 

[S««4 8] Sf*:^4 7 tC:feliT, :/^Xv$^j*f 
^fc«)<Dt9aBB««t*< 5 0 w s fiilJiCOWIBT 5 0 M s 

[a*«4 9 ] K^jfflii^rt«c4>3^< i: t) 1 a<OffiS:il/ 

^r^m^mm^mL. mmM^mm^i^x^^r^^ 
\zmmvrz.^mm^^mmr^}^y^x.y^>^mm\z 

z,t\z^^xmmi&mmmmm 
±(0Sii^^itmmzM'r^:x:y^>^m^\mm\z»T 

MIBSffl31i»cDX>y5^>^^n^gB^>Jc:*5(t^t^i2 
^•r -5 «) (OMffiKHfto/'? '7- ^SlW-r ^ c t J; o 

xmm^mm^m^±<D^fsi^r:immzMr^:cy9'> 
^tm\mm\ziiT-r^ \^y^jiy^>^&m. 

mmzwmr^mmmz^^X'i:t>^isQmvmm^m 
mm\zxsir^:it\z^^xmm&mm^^x.y^>^ 

-r^H^-f X-;5^>^*fe{r:feV>T, t9E««t31ftOX 

J: "3 xmf^»mmmmm±<DSif^ o 

<xs/5^>i5f;&jt. 
[«*«5 2] ^!>3^<i:'bia<0«l3l:«Jx*ffit.i, mi 
cDii5M«Jc:j:oT:/^XT^%^$^, iirls:/^Xv4' 

^m2<DMmmz^-:>X'i:t>^mmvtt!$&»!immz 

A|*TS ^: ^: ct o TtaiBSMliife^x ^ >^t-^ H 

40 ^^xy^>^:^m\z^\^^x. mmikmm^(Dj:y^> 

$ SS^ lc::fe ^ MSBjaS:^ Ad> ^ ^ C ^ 

©fij^&MES 1 (DmrnmoAu-^mm-r^ zt\z^ 
5t^<s>^< iih-r><Dmm%mm\zm»mm(Dmft'Dft 

1i69, PSC - http://www.sughrue.com 
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(5) 

7 

[S*J15 7] 2, 3, 4, 5, 6, 7, 

8, 1 6, 1 7, 1 8, 1 9, 2 0. 2 1, 2 2. 2 

3. 24, 4 5, 4 6, 4 9 SiTc^ 5 0 tC^SV^T, tftlB 

[a*:^5 8] s*:gi9, 1 0, 1 1, 1 2. 1 3, 1 a? 

4. 1 5, 2 5, 2 6, 2 7. 2 8. 2 9, 3 0, 3 
1, 3 2. 3 3. 3 4, 3 5. 3 6, 3 7, 3 8. 3 

9, 4 0, 4 1. 4 2. 4 3. 4 4. 4 7. 4 8. 5 1 

^fc«5 2{c:foviT. wmMm(r>mn\z^^xmmm 

[a*:^5 9] S*^5 8tC:feViT. S i (OmM'nT.X. 

mistme 0} m:»m9, i o, 1 1, i 2. i 3, i 30 

4, 1 5. 2 5, 2 6, 2 7, 2 8, 2 9, 3 0, 3 

1. 3 2. 3 3. 3 4, 3 5. 3 6. 3 7, 3 8, 3 

9, 4 0, 4 1, 4 2, 4 3, 4 4, 4 7, 4 8, 5 

1, 5 2. 5 8^;rcJi5 9JC:feViT> X^y^>^{^m^ 

im^mei] m^m9, i o. 1 1, i 2, 1 3, i 

4, 1 5, 2 5, 2 6. 2 7, 2 8, 2 9, 3 0, 3 

1. 3 2. 3 3. 3 4, 3 5, 3 6. 3 7, 3 8. 3 40 
9, 4 0, 4 1. 4 2. 43. 4 4. 4 7, 4 8, 5 

1, 5 2, 5 8^:^«5 9Jc:fetiT, X»y^>^U:^^i 

6^»LU^^^o\z. S9iavx^«»tc2 0 ot:KT"Cj» 

[»*316 2] H^Jgl. 2, 3, 4, 5, 6. 7, 
8, 9, 10. 11. 12, 13, 1 4, 1 5. 1 6. 
1 7. 1 8, 1 9, 2 0, 2 1. 2 2. 2 3, 24, 2 

5. 2 6. 2 7, 2 8. 2 9, 3 0. 3 1, 3 2, 3 50 




1*M^8-1 7 7 9 6 

8 

3. 3 4, 3 5, 3 6, 3 7. 3 8. 3 9. 4 0. 4 
1, 4 2, 4 3. 44. 4 5. 4 6. 4 7. 4 8. 4 
9, 5 0. 5 1, 5 2. 5 7. 5 8, 5 9, 6 0 

5 3, 5 4. 5 5^>^c«5 6©^»»ftg&fiig-rs* 

So 

[0 0 0 1] 

H^<X!y5^>:5/SStCHr^- 
[0002] 

iw^(D&m] I. s I <Dmmit\zm\ hsi/^i$^-> 
mfiL&miz^^^x. 7x^i7hit o^^->(Dm^ym 

^H^-fX-/^>^ft«Ttt. y-hmxjiy^>^x 
hTx^ 1 iimm\zt^\^xnd^->mn,o . i nm 

t:^D. TT.^!; hit 1 Oieffi<3!>iDX*tig:«i:;S:oTVi 

-So 

[0 0 0 3] V-f ^DiR>^^XvJc<J:SpoIy-S ly- 
hX>y^>^<^^tLT> 1 9 9 2^¥7'D'>-7^^>^ 

•^y- H^<:/o-feX5^>#>?»:7A (Proceeding of 
DryProcess Symposium) p. 2 1 KCTX-^^^ hJt 5 ^ 
TCDpoly- S i hiJDX<^^;&tfflS$nTl/i^o 

[0 0 0 4] ^(o^. i^KAu^^ni^^m^m^^m 
<D^^<Ds imm:r.y^>^mmtvx. !^m:^x^m 

oJ^cRIE (UTi^5r>r:/-r:^>X^;/^>i5/ : Reactive 
Ioiifitcliing){Cct^rx^^ hW:4 OCDS 1 mm:x^y^ 

' "t/^^ X • ^--^^-Y >^ (iDternationalelectro 
D devices meeting) 3 2.4. l\Z^^^nx\^^^. ^ 
fcffi*:^fx$«o;rcR i EtcJ:^S i^«x>:/5^>iy& 
TX<i57 hit2 6^-^«it>tb}^ca»>&^ 1 9 9 0^:/D 
>'-x^>^-:t:/- H^-r:/o-feX5»3p>^':7A (Pr 
oceedingof Dry Process Symposium) p. 1 2 3\Z$> 

[0 0 0 5] e:<z)^a> zi>^^V'^—)vm^<r>fz.it(DS 

IO2 a5?lX-/5^>^SS5tLT, V-f i57Dft:/^X'T 
ICJ^^TX'^^^ bJtl 0S«*TOS i Oj n>^i5?h 

:t;-;i.x^y^>i5^cDW^t, 1 9 8 ^^mm^^mmn^m 

«a^aS^l p-L-6^, 1 9 9 3¥#^;Sffi^S 
*^M«ji^»»^3 1 a-ZE-3JC«e$nT«.>S, 

[0 0 0 6] ei<z>to, n^—>i^mz^\^^xm&<D-^T 

«x^y^>^Kfcit'<xy^>^$ntw<vitv:k3tt® 

X y^>^mst l.x:/^X'^^^\z£-W^'^^ ^ D« 
€/x;ux{bi-s^: t(Ccfct>Ta«jt4 0 s:^3s-rs^v^ 
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9 

□irX v>3i^>^»>A O*roceeding of Dry Process Symp 
osiunO p. 7 9T;^cFti;t« 

[0 0 0 7] c:<D«&. :/Dirx*^^MM«i-r^iitJc: 

-35305^, i^lB^5-120256 "9, 1*M¥5-108107 ^ 

:/^X-7(DSg5t&ffiV>^;6rfea:LT«'^¥5-49756 it? 
CO 0 0 8] 

tR\:rJ&3tiim'PVt^. fiPX««0«i!>«7X'<^ hit 1 20 

tc:fe^iTl 9 9 O^yni^— T'^r • • H^-r:/ 
D-feX>'>3p>^»i7 A (Proceeding of Dry Process Sympo 
sium) p. 1 2 3<Dffi^T«. TX^iJ? hit5gK<0/1 

xa«*t 7 »iea[«ca< ;a:o /to 

[0 0 0 9] dOfl^. 1 9 9 l^-O^—i-zya^JV- 
XW^ hD> • 7=/WX-<X • 5^>< >^ (Internat 
ionai electron devices meeting) 3 2. 4. 1<7>^#T 

XaiS*^3 0 0 nm/min T^-S^tcS^U TT.^^ Y 
it 2 4T«6 0 nm/min hTTs^^ hit 2 OSA±Tlni 
X3*«^n / 5 (C«ii>bfco 

[0 0 10] y'?^~>j^*Kft«Tf^. 3&i^»^x:^;v^ 

OTX^>:7 hit^fe#1*$r^£M$^fc0iJ^LT, 198 9 

1 p - L - 6 ^, 19 

9 3 ^m^x-m^m^m%m^mm,^ 3 1 a - z e - 3 
[0 0 11] jnx^^;&trx^^ hit{wft#rst>'5- 
/t^->lS»oi6xy5^>i5^HJc«ffla4»tfl:#KlST 



»BB¥8-1 77 9 6 

it? 

1 9 9 2^yD->-^^>^- K^-f :/n-fe 

X>^>3pi^'>A (Proceeding of Dry Process Symposia 
m) p. 2 1 1T«, V-f ^ajft/X»7-:£/jN$<bT. X 

<fcO> TX'^^ hW:5^T(D/^5^->-ciraxaffic[>7x 

[0 0 12] UjCi^U, S iX-/^>^5J^-C 

TX^^ hJtl 0JBil±(O/^5^->Tli, mxm&<D77. 

^ hitcD^iU^/^^-y^m-jLU-x^m^-r^t^iz. 
mrx^^ h&y^^-><D&m^mxm&i}mm\zi&r 

S7^^/^i$^->*ig-x@T?^^-r^i^^^*^*o> wm 

mxmmi^^Tx-^^ hit\z^^v^\,^/^^->m^&m 

[0 0 13] S5Tx^^ hJt/XiS'-^jnxTtt, 
x^y^>^OjifTtc^i'iSJS:^fi£«l^cDj^§tcJ:oTx 

^jzy^>^f)mt>ri^\z\t. xy^y^^m^mmm 

5 - 46095 ^^a) . 7^^X-r5S3t (if*»¥5-49756 ^ 

^S) <7)i^^ai^tcJ:oTx^y^>^^ff:<&||W«1©H? 

•r^>^nirxfe%ie$nTVi'57&«. :in^<Dmmt. ^ 

/x^->jax{c^-r^a^^^^7^vi. . 
[0 0 14] mi^i^Mt:^ii\zjiy^>';f^^^mmm 

(D^mt(Dmwti^m^i^^\zi^'DX\^'^^*^-^i)^iSb^. xy 

^\z\t. mf^mmmiixy^>^^fi^(om^^m^f)^\z 

v^S'&Tfe^ mmtmzxy^>ifimi)^^(D^'^\z^ 
itr^f)^^m^MzT^iS^sfi^^^. 

[0 0 15] 

jv:^^u^»m<Dmmisx (cn^^^tibx^^nT 
\t. iR9m^<Dn^->tim<^^^zm\ & 
m\zxmr^mf)^(>fx<y3i^. ^:r>i^. mmz 
jti-oxmrn^ti^f;!^. -(:t>(Dxmm(D/^^->^^ 
ttft/h^vi. &m\zAiih:^^:t>\t. ms{zm 
x^)u^^-^^:^rz^. mm\zt&mi^rzyz^i:j)v^<^r^ 

mm:^X\ZX.:^)V:^f)tet)r)X,y^>^i,mfT'r^. Zi 
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(7) 
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11 

CO 0 1 6] C<D'i :t>if^Stiti.rz^mL'f'\t. ^fzi^^ 

[0 0 1 71 *!«5gT?fi, C:a)-f:r>C!)ttg*?iJfflU 

[0 0 181 _h^cD»*^afc»7fti, 
^^«r(^/^r$^->j£ffi'\o?|»«^#«UTii;^i.io R 

iE:*^«5(D»«tt^j^^ ^^i&Ttomsm^oy 1/10 

JC3«ftLiSMtc^AltTsa'felt;^So 
[0 0 191 €eoT. x-/^>^^M;Otrx^^ h\t\z 
^^hU^^^o\z^^\z\^. T:^^i^Vl^<DmMtimz 

m^(D\SLm\z^^x,y^>^msi<D^y^mm'^*z-^ 

[0 0 2 01 ga)^CDyXi5^->i£MT'1'::**> 

T, RS>^mh\z^^:iiv^>ifm&(o&-r^m^^. 

[0 0 2 11 ■7^t5^njftA»7-&±frfS2:a:JC<toT« 

j!l31^'\0-r:t>Alt«^itin$-^StC«, i^/xj^i^^CD 

mz^{im:iV\^J'^ Yu^ MZ^^X^^X^^M^ 

9mMmzm\:^iL^^. i o o owea^cDT-Y^j^nisyt 

(0 0 2 21 V-f >:?D»/X»7-$±frf. ^:t>A 

ltS?&^iiAS«ffla^^MfcfintDSx^;i^c^dtjf jnu. 



12 



OO/^y-^MlAS Jl t J:oT»ftT^So 
[0 0 2 31 

[f^ffll SX>;/5^>ifjaS«iSMJCS»-^7^C^<Z>/'^:$^-> 

^Tcu^i^tfM mm. jSMfcAjtrse^cDte, 

T^j^^io /'^^->&m\zmmx^^i&^(Dm'^\t. n 
m tc;t#<tt#rso 

[0 0 2 41 01 OJcSI/^iJ'-XD/gMtCPJM-rSJK? 

co¥^;^^®tc^-rsS!l^^ti-#L;tJ^«&^L;fco m 
1 0Jc^-r<fc3tc, ^<^3K[TcDAttS«. TX^>>hM: 

[0 0 2 51 jicffitcAltbrcfi^tt, Jifi®^;I® 

b T S ttgr;t tcST;2i^® «T ^ V^Jg-^, |£® 
icAWSt^^tftlp-rstt^ti, (1-p) st;a:So 
<D^oumi^^^n^m'\z\t.F, CI, ofsi^f)^^ 

- (1-P) Sdt/£ffiT^lt-rS«*T*S. 

[0 0 2 61 iSM-cs*rb:fca^3&^ sr^. /x^-><d 
mm\zxm'r^t^:^mzj^mT^rci^. mm^xmr 

ai31i»(^^tcmTli<SS^«F (A) X^-^tl. 3SD<D 

i-F (A) i)mm\znxm^^o ^<D^^\zmxmr 
^iS}M^^AT^L/'^^—>&mx<D^mL^<DXit& 
rnttSfciTSEsnso 

[0 0 2 71 
40 [Sell 

rn(0) X FCA) 



rii(A)=- 



l-{l-(l-P)Slx|l.F(A)l 



[0 0 2 81 M^mmm^X^^Lfz^:t>\^. 

mmz^^ TS^as^Sffi t;:^ bSii[:)^rfii mm ^ ns 
fcj*. «^s^^Mtc^bTMii[fc?^^^$nfc«^m 

(D^m (MX:y^>^M) ^C0-<:^>AI*fit««l31ft 
«MO¥ffi7&:«8»'^^©A»a«^b<:^So jSH'^AIt 
b/c-f^>H. i£Mtc:*ftx:*;;i.:^^^ASit't>tr, 
5Z? :t->««^M{c»f'fp$n, tt'tt«jt^t;5:So -ea>«<c>^ 
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(8) 



8-17796 



13 



14 



[0 0 2 9] 



rm(A) = rion + 



non(1-(l'P)S}Cl-F(A)l 



[0 0 3 0] x*y^>y3saER«jt^sa3a^rt;5^e>« 
^^Y(Dmwcvn^n^. 'rut>t>. ER=pxrion 

XY T»So -fflO-f :t>»fcD 

(wit^yr-S. ^®«a*Pti> T.M.^-^ir-Oifayer) 

T>H T^iJ^ynv- (J. Vac, Sch Techno!.) 21, p7 
57 (1982)) lC«edi:38c3T3&$n^. 
[0 0 3 1] 
[»31 

1 



«2 



1 + 



ntxYxHon 



sn 

[0 0 3 2] c:e:T> r t Ji^l'ttS^cD^AIta. mf±5K 
r t (A) =r t (0) 

[0 0 3 5] 

[»:5] 



riOT = rn(0) 
[0 0 3 6] 

[See] 



(l.P)S 



1-(1'P)S 



»5 



»6 



30 



I + niY(l - P)S 

[0 0 3 7] ^BSa*P«, O;0^e,l^-T?-e*'5Cl<J: 

*ffiCD/^i$^->fCtt^FL;feV>X*y^>^dtT#-5, 
OX^y^>i/-C> 'f'ttJK^COWSISilP^l^^to. 3 f)^^ 

:siy^yifmY^ 1 . OKTJcMl$;^Si£MS;0«*^o 
[0 0 3 8] X-;^>^J/*YJ1, 

WT^S. Vi9mm(DMW\zi< 

0. 375^ e>0. 9^a[*^B^^?^^o 
[0 0 3 9] ±iBcort§^*i«e)^,h, 7X^^hit<D 



40 



50 



P)S }x{l-F(A)) 

KSit-f hCD»T, mX.\t. S i ®M3R^XX*>^>y 
-C«m=2 a:;^^o r t «_t|2»l:feJ:t/Sc2 0fiJT^ 
»3^fflt.^:rcX^y^>^aft<3D^(Cli7A-^d7h 

[0 0 3 3] *^W07-f ^F'Tti. CO^fr^^Vifct- 

€rft 3 <^ r t JC«AL r ion=£tBSt-«» i:*®««*P 

[0 0 3 4] 
[St4] 

... (|Sr4) 

[0 04 0] ^(om^m^m 1 1 ic^-r. 012 \z\t. 
[0 0 4 1] RfS^±ama>&w-^(D9mii^±^^'^m^. 

(7> ct 3 ^c ^^s^^^feT^^ X ^ > ^sjfe ^ ffi* u T ^ « 
TX'^i? hit©igint*tc-f:^>Alts&*ilni$'& 

[0 0 4 2] ^(ommmu. K^s^^m<D^mmmhK 
*^jSc4&©y X 5^ - >m&^(Dx»m(om\z J: o n 

T^r-s. -r:*->A«fi«riiini$'ti:^:#*a:bTv<^n 

/»y ^ <7>:«F^ cfc o T y ^ x-T o^SoK v>«Si s 

^^M^9m.'^^\zmc^^^:b. 10 0 ow^S(OT-r 



—686— 



(9) 

15 

[0 0 4 3] +^?5:-r:t>mfiSSfl[^A^ 

s®<Diiffi3&«±#-r*. sffiSfico±#ti, s i X 

^;/^>fycDi©^, ImA/cm^ 1 OTCeftT^^ 

$-10 ot:»r?&aibrt>. «®fiS«2 o oicsfl^* 

(0 0 4 51 gficDV-f ^D»/t'7-$±tfT 

[0 0 4 6] -^-cT, ^<DWim^»^'r^:^m<D--D\z 

^u^cD/WMtfi^^^o n)VMt\z^r)^ n^Wk 

^rztbx,y^>^mm\t:km\zi&-rT^(o^. /wxh 30 
n)V7sm'^(Dj^y^>^\z^^s^m\tn^'^<. x>y5^> 

0, x-/^>i/i^a(^:*:i|i;^^3E;^bJcV'f i5^Dftyiy 
-S:±tf, X2/^>i$^3Sfl^<DT;^^^hJttt#tt$<g:« 
T^^o ^ogR, M«ox^:;^>^g@T«, v-Y^n 

mm^±^< V. KB-^cD«fra*feDoA^?$«3 0 0 

[0 0 4 7] Se»tC, -r;t->AS*SfCctoTX*;;5^>^ 4» 
[0 04 8] 

mmmi) ^^m\z^^Y^^:iiy^>!fmm<D-m: 
mm^^wzm-To ^(K>mm'v\m^m&i\z:xiv9' 

>i/:^X^mXV. T-r^nJfe^^Sg2T2. 4 5GH 



«fH¥8-l 7 796 

^ af^rnxfA 1 4 ^trt-uTSt^jans 1 ic*i3ibT 

^fflcoy i^y^ Hn<jU4$A^aiSS^3a»cxoEa 
U 8 7 5;^»:7;^©««;^«fflS-&c[)taffSc±jr<^cl:3 

WK»#5*t^0, c:o±fc«^XA6$l9:iSUr. 
[0 0 4 9] :c-/^>^:ff7.\t. :tfX«AP7j5^^St^ 

ffls* 1 \zmx^n. 8 tc J; ojc^ffi3is 1 

<o^tr»m^n^. c:®iszr>y^3^>xn;u:f9f3<fc 

[0 0 5 0] '?XA$KB'r^tt«#5{rttRF«ail 
3^m^. 4 0 0Hz*^^13.56MHz*-rcDRFAW7X 

[0 0 5 1] «i31:^/x«:^Xl?l l^ML. 

oi^(D^<D:^:^mxQ7f)^i^M^mmmi\zmA't^o 

J^yyr^l 2^mnciZ.hiis :^yi^zLtk<Dll\z^r) 
i«a$SJS(Dl/3KTJCU *^r)i^-?a:85n}&t7?€? 

[0 0 5 2] Kft^^gc.i^(D^&\t. ^mmm±(Dmm<D 

TX^^ hitf)^±^<U^\zf^\^^m'PVX\^^<. 

^^»mr^ct\z^-^x. :ny^>^vp<o^fiimm^ 
^ z.^xx. y^>^ii}m/wrzf)>mm^m^ z, ti)^x^ 
-5. zL<oi^^:3.u-iyB>tsM^h^\z:ay.m0L^m& 
mtvxn&»«fWr^m\^\ R*^dc*«^i>i^fct*)?^ 

[0 0 5 3] *SSJCS!lS:^Xi:bT*a«:iEfX&4 Osc 
cmSSb. :±JEE3^^0. SmTorr , ttW'&O^aflCd*- 10 0 

n-ScfcotCSiOz -TXi^^^JfibfeS 1 '^/XAOhU^ 
^«fiX^/5=->tJ^$fT3o 'i:t>mm:c:^)V^f>^l 0 0 
e V£ATlC)5:^J:'5JCRFA*-rTX$l 3. 5 6 MHz, 
IW/cm^ i:t*Silco^<OX-/^>>/*«0. 9 

•^-f^nSEAy-^s 0 OWJCTS, Si&Mlcfr^. 
[0 0 5 4] :?^^x-^«^s«©«i3eT»ss«ts^rt 

cD-r^>C0SiJ'&«3%T3^So :i<D0kf\rXmo, 3 
m^JMWnVw^^A/Ka^ hTTs^^ hit 1 0 O 
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17 

x.y^>^i)mts. mcx.y^y^^^'^TT.^^ hit 
[0 0 5 5] 0 2 «rti-ffU;^^x;l'^lcS::JViT, 

^mmityy^^^ hits o^-cmi-m-c. -^^^am 

M*7-$:3 0 0 OmzLXJiy'^>^^m^f^t7X^ 

^ hite 0 ^-cxy^>^ifmtSo ^-i^aw^u-s 
0 0 OW"e-r:r JQaOmA/cm^ -c^ 

^« 

[0 0 5 6] SfflSftSGaAsJcLTt). 

[0 0 5 7] ^:t>(Di^tDr)\z^^\f-j^^m^\ mm 
[0 0 5 8] mmm2} mm^^i (D^m^m^^x cf 

4:^X(c<i:Sfig0. 3 MmO!>S i O2 m^^MJi^n 
3. ffl31:^xa:bTCF4:^fX^4 OsccmffiU. :^JBEdt 
0. SmToTT\ZU^Jzo\Z^^. ^:t>mm:L^J]^^f)^ 
5 0 0 eVfC>i^J:^{CRFA-rTXSl3. 56MHz, 
lOW/cm^ (CT^. J:<O^OX.y5^>i^^«0. 9 T 

^rc'^^>m^^mi}^i omAXcm^ \zy3i^^o 

X-;^>i5?^3^^^^3 0 0 nm/min T$>^o Ml&^^tJ 
C0O5J'BEd^S?5 5%{g;Tf ^^tCT-r^^DS/^y- 
o^m<oi&T\t2%}izmpL^n^. ^mmm^\t. 

hit7*TX>:/^>i^Sap(D<£T«^^nT. TX 
hitl 5CDi^?L7&^S i 02 W±{ClinXT^S. S« 

^<i:, mir:^^^ hJti o*-e<Dxyf^>^*tpjtBT 
[0 0 5 9] immm 3 > ^asw 1 <o&mx. y ^xv 

inX-r^o i!l]®:yxtUT«*;^XS:400scciD«EU, ± 
JE7&t5mTorr. »:7XAMfll7!i«- 5 0 "CiC^Si-Scfc 5 fr-f 
:t>3l»lX^;P:^;&ti 0 0 e VtO'iS.fc-SJCRF 
AWTX^ 1 3 . 5 6MH z , 1 W/ZcmMrT-g). ilK^ 

^ox^/^>i?^^ttJKjo. 7^*;5. ^rc^:t>mms 

ff;^t2 OmA/cm* (c;^:^^:^ (CT-f ^DftAy-^ 2 




(10) 1*^^8- 1 7 7 96 

18 

0 0 ow(c-r^« 

[0 0 6 0] KJS^^^JtbTS i C l2 cDaa^<&^^ 
MiB!ljeb>S:)^^^Xty^>^^iiJ6> S 1 C I2 (O^&i)^ 
m 5 XfiTt-^^lCV'l' ^ n^SA »7-^ 5 0 W-Tofttf 

^. -^-f t?DiSAy-^±^f^<hs I c I2 <D^m<Dm 
T\t2%\zm^^ibn^. ^mmmx\t. T^^^^hit 
5^x:xiy^>ifmm(oi&.T\tM.^n'r. 77.^^ hit 

^ uw^'7-(DmMtt^\z^ji/\mm^mi ot:T 

[0 0 6 1] mmm4) ^^mz^^]^'y-(jiy^> 
^&m<om=^(DmmM^ms\z7Rr. *iiiis«©«s 
\t. mmmi<D&m\z!skmfix<D:»7.^&iimwx^^ 

<fc'5(cMffliffln>tfrL-i$^ 1 6<h:^Xi«az3>hD-^ 

1 0;^tffl:^/i»7-Slffli^-:/;n 8Jrj;oT»ilSsnT 

[0 0 6 2] ^mm^m\^^xcFiXCHF3m'^:^7\z 
^^mmo. Sum <DmiimjL\zmmr^. mmm«ah 

UTUT04{C^-rS iStRl 0 5±\ZS I O2 Kl 0 
20 2:id^ZS^i[:^^^mi 0 iT^^J^fiK^nXV^^feCD^ffl 

v^-Sp ^^jfiWT. ^^^-f isie 1 0 1 \zmii 1 0 9 s 

f^^-rs. 5a3a:?tfXtLTCHF3/CF4(01 : lil'& 
:^X^4 Osccmg^b, :^iEd^0. 5mTor^;^^J:3^Cf 
^• -i:tymmj:.^)V^f)^2 5 0 eV\Zf3i^^5\ZRF 
AWTX&1 3. 5 6MHz, TW/cmMct-^. ^1©^ 

(^x:y5^>^^jio. 9 T$>^, ^rc^:t>mm^mi^^ 

1 OmA/cinMr;^^.i:3lcV'i'i^DgtAy— ^7 0 0 
-YS^S i O2 <OX5;^>t5^iSa!(7)jt«, 1 0 : IT* 

30 

[0 0 6 3] *^Sg^CD«5!lS^^^X^;/5^>^r^a:, 
TX'^^ hit4<0tZ.^^xmtdr^m^X,y^>^'r 

3^fi«4 0 0 nm/min Tafe-So ^(D*^X-/^>^^ 
jRtt«>i:Si 02 0!>-B8a:!e^b^-Y3flH:0t$^jcx*>^ 

■r^xy^>iy3SfficoitJi. 6mm\zf^^. TTs^^h 

Jt4 7?V-f i^n^6A'7-^±frf. -f:t>«S5^Bffi*2 0 

40 ^<fS.^. X*y^>iJ/3Sa[jt«8 : WZU^. 

[0 0 6 4] 3>fc!;i.— ^WWtCjzoTX-;^ 

>if(Dmmhmzim'^7.(Di57WLm^cF< \z^^^x 
\xx»mz\.b%zz\si^^m^\^. cHF3<z>m«^i^> 
1 . 5 seem -r-Dm^tt.mfmvtn^it^^Mhs 
i 02 (Dx.y^>ifm&Wtt.wmtLm\:^i o : i^-ca 

[0 0 6 5] (^Jfi«5) *5!H^J::J:^H^'YX5/^> 

«iS^ltcx-/5^>>/;?/X*»AU v-fi^Pft^^ffi 
50 2X2. A ^ GHz<DK^«S^^$^. C:<3!)i««»$« 
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19 

^\zmm^^m(0 2mm(D'jvj-( K3^;i'4^K^ai 

[0 0 6 6] JLy^y!f^7s\X. 157.mXU7i)^^M^ 

Z^mX. 4OOHz;0>ei3. 56MHz*T<DRF 

[0 0 6 8] «iS:^X«;^fX^l 1 ^Mb, 
>hD-^10^JllT, A*!y:77Sl 2?£abT^y-> 
iL«o?Lo:^x»AP 7 ^K^ffl3is 1 tc»A-r^. 

'»xmnmm^m<\^tz.:Lt.\z^^. is:Kmxm(D^7. 
[0 0 6 9] ^mm\z9m:^xLLxmm:^x^ 4 o s 

c cmSSU. :^JEE5^*0. SmTorr , 0:c./\<oU&f)^- 1 

0 ox:\zf3i^^z)\zvx. mo. 3 urn huy^mmfi^ 

10 0 e V£AT(C;^'5J:^ICRF;Wrx*l 3. 5 6H 
Hz. IW/cm^ t-r^o Cl(D^CDX:y5^>^^tt0. 9 

{CT>f^D»A'7-«:»5 0 0WJC-r*. 

>CDS!l^«3%T*So ^:®*frT*iO. 3 MmODStA 

/^^—y^XU. 5 Onm/min <DmSlXJiy^> 
^i^mt^. f^UXry^>i/*ft7?TX'^!5?hJt7JK-tO 
«^?i^^"r^i:X^y^>^3gSJmTt-^o TX^^h 
itl 0TX-/^>^3Sfllttl 0%fi;TU TX^i^hit 

1 5T«3 0 96<DfiT^*So 

[0 0 7 0] ji>y^>^mm(D^T^m^^rz.ib. tx 
D«[/^»7-^i 0 owro_htfSo -^-coiism. rx'^^ 

^^aJSAC?— $3 0 0 0W^T±frf* X-/^>iy:&ji 

^^t. TX'^^ hits o*Txy^>^«jiff-r^. 
ccDB^. "i^xAcD^MMS^Ji^Di 8 ox:^T±#-r^o 
[0 0 7 1] immm e ) >^^H>gtc j: ^^(^^jsw^^ 




(11) i»M^8- 1 7 796 

20 

$2 4 0sccm8Sb, ±JBE;&« 3 mTorr, "^^XAiM^**- 1 
2 0'Cfc;5:^<J:^JcbT, ItgO.S/im CDg!!?L^«?^J« 
$n'5<fc3{CS i O2 •7X^S:tfib;^S i r^xACD h U 
>^«l®Xty^>i^$l^5o -1':t>>i!!rx^;i.423&n 0 
0 e VKT»c;&:^J:^(CRFA--r7X^8 0 OKHz. 
IW/cm^ aif-SCCZ^^COXy^vy^fjlO. 9 5 

*;fe-f :t>fiaja5fi*^3 5mA/cm' 
•^-r i5^D»A»7-<£:*^2 5 0 OWfCf^o 

5(D M/>5^Ai$'— >^T«> *?J9 0 0 nm/min CD^ 

mx:ii>y^>^i)mts. m\:^j^y^>^^^x7x^^ 

^. ^:<DX>;/^>ii/*#T«. TX^^hit4 5*TX 

[0 0 7 2] (Slifi«»|7) *S!Klc:^^ffi(7)||Jg«fiJ&^ 
r. ^SfiWSOSfi&^V^TffiO. 0 7/xm ^S^^^O. 1 
20 urn O^j&fi^T&tH — t;>^$n;tPoly-S 1(7) M^> 
5^ft3X&ff'5. iai3a;^X^bTSF6 ;?fX& 1 4 0 seem 
«Eb. :^JE;^t3mTorrv '^XAMSA^-lSO'CJc;^^ J: 
o\z^^o ^^>mW}:ii:^)V^t^l 0 Oey&rf\zU^ 
<fc-5JCRFA'1'7X$: 1 3. 5 6MHz, 2W/c[nMCf 

^. z:<Dm(^j^y^>^mtm^i.sx^^. ^rz.^-t 

>«^K^S;«>^2 OmA/cm^ \ZiS.^^^\Z'^-t ^uW^ 

"y—^mi 5 0 owir-r^o 
[0 0 7 31 ^mmmthxvxmeiz^'rs 

0 SJbfcy— hmSil 0 3, SiOsKl 0 2*5j:r/H- 
30 yKPoly-S iKl 1 0 T&^J^^S^nxi.^^ ^jCO^&ffl V> 

s i02 vxi57Si9:tt. so. 

0 7wm, 0.0 8 Mm, 0 . 1 um(DhU>^ti^MlaSL^ 

ti-sjc^icvxij^^cwi 1 2. 113, ii4*ia:tt 

-So 

[0 0 7 4] x-/^>^ja«cDTx^^ httm^n^wr 

»LfcJlS:^^0 7l::^-ro tfri?;&^^, 6 m A/cm^ T 

(DjB«^'bi:(c:«ffl31«|<7)X*>5^>^fiSag)0tTX^i^ h 

40 (CV-Y^dSEAI?— &JKJ7 5 OW^TTtf-So 

(O-f :r>eM^BStt»8mA/ciiP T^S, V-r^n«E 
AC^— ^M^$1^^C:^:frcfc-DT. no. 0 7 ^imcoh 
lx'>^Ttt, mo. 1 tim(DhU>^\Zti:^X.y^>^ 

[0 0 7 5] x^;/^>^»7«. ^sifiji^ei 1 em^ 
co^a6H-:;^Fpoiy-"S i ^MtcKYbi5^>^;P^^c V 

50 snfcSorx^^ hitti*97T»s, 
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(12) 

21 

[0 0 7 6] >^ )vi^^^(D^smm^m%\z7^ 
•To ^(r>mmm\z^y}mm.z o f ^(Duy^'y^tm^ 

^Tmt(OMniSL^^m,'r^'S^-^f)^U^^:fti!b. RFAW 
[0 0 7 7] (^J6«a|8) ^SSMtCcfcSK^'f x-/^> 

m4<D&m\z. M^mmm\^\zmx'r^'r-f ^a^^^/^ 

tiXl^^. v^^Di^til sA^e 1 Om 

[0 0 7 8] *S^S^^ViT, CF4/C2H2F4ffi'&:i!f 

x^jeis:^fx<tbT^vi> iSgo.2Mm©s i 02 

aiOX&fr^a CF^j^X^l 5 0sccm, CaHaF*^! 
OOsccmiSL'^ :^ffi*^3mTorr> ^:i^/\USii)^- 7 OX: 
LU^^z>\Z'r^o -f:t>mm:x::^Jl^f)m5 0 0 eV 20 
{C?a:^<J:olCRFA-fTX^ 1 3. 5 6MH2 , »10 
W/cin2 tcf^). ilCD^cDX-/5^>^^H0. 9 Tafe 

^« ^fc-r^>m$s^a!>5r^5 0 snmo^mzmz o 
3 0 0 oYfL^r^. -^^ ^uw^)V7s(Dmm^ms o m 

s . /VVXi^^m 5 0ms i:*r-5o 
[0 0 7 9] C:<D^#TX!y5^>^5^^fT3 1> TX^^ 
hitl 0^•rXty5^>l5^5^ao^g:T^^^5(i:^<i:;^Vi• $ 

J^^KT^^o T^^n&/'^;i/XO/^y— 5:5 0 0 OW^ 5^7 

S 1 0 0 M s (Cf-S^:. TX-^^ h^3 0 ^^aiv^> 
^T^S* /iy-^5 0 0 OW(D*^. n)V7s^^Sm 
s. /IJ^XWn^l OmsfcUT'bfa(Sl^«75:Je«{C;a: 

So 

[0 0 8 0] mmm^) ^^mz^^^<DmMm^7^ 
v\ mo. 2 fimmm^m^^T^tzib. Tx^^hit 

2. iffiO. 1 Mm ©SI&X-/^>^(Cj;oTJ^^ftT^. 40 
[0 0 8 1] C 12:^X^2 0 Osccm. SiClAiJT.^ 
1 0 Osccm> ^mi)^2 OmTorr> 0:c/\U&ft^- 3 OX: 
\Zi^^i:olzr^. -r:^>aliftX^;i.c^7&tji«55 0 0 e V 
JCJai-SJc^fCRF/^-f rX^l 3. 5 6MHz, ttlO 

*fc'i':^->iiSJE^S7^n 0 om smmconmizme 
*!i7 0 0 owtrs, 

[0 0 8 2] eiCDX-/5^>i/{Ci:»9, X^y^>y3gag*?i 
1 Mm/4^TfBBEiajJ>^JnJX$n^o ilO^«^-C:5'>^X 50 




4*PB^8- 1 7 7 9 6 

22 

^-OA<Dm^. »>xAiai^^- 1 0 ot:. t-y^ds 
y^y-3 0 0 owTXy^>iy^fT3iii:fc<to, nax 

[0 0 8 3] 

[S!M<z)S4m] ^mmiz^rt^t. jiy^>^5.j!&^^\^ 
&:ir^mi&T<oxst&i>msmm<Dmm/\^->\z» 
^vfsi^^^xvizmmx^^rc^. :jiy^>^mm\t. 

^^^&mx^V<lt3:^. ^(Dmm^ S i hU>^X,y 
^>^, SIO2 h:t?— ;PX'y^>^^(OBV^ 

:&fp]tt;&tf^^SJ^X:y^>^-C. X-;5^>i^:/D-trXi:L 
T*fe3!)>'::3mjStt<Dii5ViXy^>y^ff^ii^;&tT€ 
X!y^>i5/*§aijL. >f^>CD31«a*/h$ 
<T^^:^«6. »IBraa)S«^tt®iSViX!y5^>i?^*tpitg 

[0 0 8 4] 2|!:5!ig®«!i«ttMi6C!)X-/5^>i5^^B«cK 
e>-r. R I E^'7i^:^hD>SlR I E^O^<0 

fl(rj£cO;«;XfClBerF2, HBt, B r2;^i:(DAny> 

S4*}0tfe^o *fc*^5g:^xm^:feJ:rX:^x$Sfi<:o^ffli 
M^cD2S^co:^Xco«M*3.i:r/m^0^ffiitclSe 

<DRt>r)\zm\^^(om^>^i^}^—A^m^^x^mu(o^ 

[0S<Ofg#^|ftHJ] 

[01] *5!BJ(^H^-rx>;/^>iy$^gco-||lfS^<D»f 

[03] *»l5goi«^^X!^^>ifSB<0iS-<D-^Jg 

[04] *»§gcD^«^3Tffi^i^«i[iaft(O»r®0o 
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